In order to test the hypothesis that macrophages and dendritic cells (DCs) in mucosal tissue play an important role in heterosexual transmission of human immunodeficiency virus, the replication capacities of two simian immunodeficiency viruses (SIVs) were examined in cultured macrophages and DCs as well as in cultured PBMCs in vitro. The virus strains were a T cell-tropic SIV, SIVmac239, and a T cell-and macrophage-tropic (dual-tropic) SIV, SIVmac239/316E. The infectivities of these viruses to cynomolgus macaques by intravaginal inoculation were also compared. Although both virus strains replicated well in cultured PBMCs, SIVmac239 did not replicate in cultured macrophages, whereas SIVmac239/316E did. Both strains showed little replication in cultured DCs, but a high virus yield could be obtained when SIVmac239/316E-infected DCs were cocultured with uninfected PBMCs. A mixture of these SIVs was inoculated intravaginally to three monkeys and the virus strain that first appeared through the vaginal mucosa was determined. The virus clones detected first in PBMCs, inguinal lymph nodes and vaginal wash cells (VWCs) after the virus inoculation were of SIVmac239 in all cases, except for one clone of SIVmac239/316E in VWCs of one monkey at one time-point. These results show that the infectivity of the virus in intravaginal transmission did not depend on the cell tropism in vitro of the virus. 0001-5869 # 1999 SGM 
Introduction
Heterosexual transmission is the main route for the spread of human immunodeficiency virus (HIV) . In studies of the sexual transmission of HIV, it has been reported that the genotypes of viruses transmitted in HIV-1 seroconverters were homogeneous within each patient and that the virus phenotypes were uniformly macrophage-tropic and nonsyncytium-inducing (Zhang et al., 1993 ; Zhu et al., 1993 Zhu et al., , 1996 . These reports suggested that macrophage-tropic and nonsyncytium-inducing virus populations might be advantageous for systemic infection following passage through the mucosa.
Simian immunodeficiency virus (SIV), which is closely related to HIV, infects monkeys by various routes, including mucosal transmission, and induces AIDS-like disease (Miller et al., 1989 ; Kestler et al., 1990 ; Marx et al., 1996) . Therefore, the Author for correspondence : Masanori Hayami. Fax j81 75 761 9335. e-mail mhayami!virus.kyoto-u.ac.jp SIV-macaque model provides instructive information about HIV mucosal infection in humans. In mucosal infection of SIV, the transmitted virus population in the inoculated monkey has been reported to be genetically homogeneous (Trivedi et al., 1994 (Trivedi et al., , 1996 Enose et al., 1997) . Moreover, intravaginal inoculation of two simian\human immunodeficiency viruses (SHIV) resulted in infection with only one virus strain, whereas both strains successfully infected by intravenous inoculation (Lu et al., 1996) . However, the cell tropism of the transmitted virus was not characterized in these studies.
In order to initiate a systemic infection by the vaginal route, viruses must have the abilities to pass through the vaginal mucosa, infect the target cells in the reproductive tract and replicate in the genital lymph nodes to which the infected target cells migrate (Miller et al., 1993) . Although little is known about the mechanism of HIV mucosal infection in humans, experimental infection of SIV has revealed that dendritic cells (DCs) under the vaginal epithelium, called Langerhans cells, might be the target cells of viruses in intravaginal infection (Spira et al., 1996) . Soto-Ramirez et al. (1996) reported that, in humans, HIV-1 subtype E viruses could replicate better in skin-derived DCs than HIV-1 subtype B viruses could, suggesting that DC tropism is associated with heterosexual transmission of HIV-1 subtype E. Although the conclusion that subtype E strains had a preferential tropism for DCs was not supported by the later findings of Pope et al. (1997 a) and Dittmar et al. (1997) , it is not clear whether an intimate relationship between DCs and viruses exists in mucosal transmission in vivo.
DCs are antigen-presenting cells (APCs) in blood and tissues, playing an important role in the initiation of the primary immune response. By transporting viral antigens to lymphoid organs, they are considered to activate resting T lymphocytes efficiently in lymphoid tissues and to spread viruses systemically in the circulation. Although these processes are not proven in vivo, many reports of the function of DCs in vitro suggest that conjugates of DCs and T cells release high levels of virus progeny and represent an important milieu for virus replication (Blauvelt et al., 1997 ; Pope et al., 1994 Pope et al., , 1997 Frankel et al., 1996 ; Granelli-Piperno et al., 1996) .
Thus, it is possible that the virus could replicate in macrophages, and DCs may be more efficiently transmitted through the vaginal mucosa than the virus, which could not replicate in these APCs. In this study, we studied virus selection in mucosal infection, focusing on the role of virus celltropism. The entry of HIV-1 into target cells is mediated by the interaction between the viral envelope glycoprotein and a cellular receptor complex consisting of CD4 and one or more members of the CC or CXC chemokine-receptor families. Macrophage-tropic HIV-1 isolates are known to use CCR5, while T cell-tropic viruses use CXCR4 (Choe et al., 1996 ; Deng et al., 1996 ; Doranz et al., 1996 ; Dragic et al., 1996 ; Feng et al., 1996) . At present, a classification system based on usage of coreceptors has been proposed to define the phenotype of HIV-1 isolates (Berger et al., 1998) . Unlike HIV-1, SIVmac uses CCR5 but not CXCR4, regardless of whether it is macrophagetropic or T cell-tropic (Edinger et al., 1997 ; Kirchhoff et al., 1997 ; Chen et al., 1997) . Therefore, the correlation between the usage of co-receptors and cell tropism in SIV has not yet been clarified (Edinger et al., 1998) . In this study, the phenotype of SIVmac strains was defined by the cells in which they could replicate productively in vitro. We compared the infectivity of SIVmac239, a T cell-tropic virus, and SIVmac239\316E, a T cell-and macrophage-tropic (dual-tropic) virus, in DCs in vitro, and examined whether their capacities for replication were significantly necessary for intravaginal infection of female monkeys.
Methods
Viruses. SIVmac239 (T cell-tropic) and SIVmac239\316E (dualtropic) were used in this experiment. SIVmac239 is a pathogenic molecular clone that infects macaque monkeys effectively and induces simian AIDS (Kestler et al., 1990) . SIVmac239\316E is a chimeric virus based on SIVmac239, containing the envelope gene (env) of SIVmac316, that displays macrophage tropism (Mori et al., 1992) . These virus stocks were prepared from supernatants of a cultured human T cell line, M8166, infected with each virus. The TCID &! of each virus stock was determined on cultured peripheral blood mononuclear cells (PBMCs) of cynomolgus macaques (Macaca fascicularis). Each virus stock was stored at k80 mC until use in the experiment.
Cell cultures. PBMCs from cynomolgus macaques were separated from whole blood by Percoll density centrifugation and maintained in RPMI 1640 medium containing 10 % heat-inactivated foetal calf serum and recombinant human interleukin-2 (rhIL-2) after stimulation with 25 µg\ml concanavalin A for 24 h. Primary monocyte-derived macrophages were generated from cynomolgus monkey PBMCs. PBMCs were separated from whole blood by Percoll density centrifugation and cultured in 48-well plastic plates for 5 days in RPMI 1640 medium containing 15 % heat-inactivated foetal calf serum, 10 % human type AB serum (Sigma) and 500 units\ml macrophage colony-stimulating factor (M-CSF, Morinaga Nyugyo). After the cells were washed with RPMI 1640 medium to remove non-adherent cells, adherent cells were maintained in fresh RPMI 1640 medium containing 15 % heat-inactivated foetal calf serum, 5 % human type AB serum and 100 units\ml M-CSF. About 95 % of the cultured cells were identified as macrophages by morphology in Giemsa and esterase staining. DCs were generated from PBMCs by using media supplemented with recombinant human granulocyte-macrophage colony-stimulating factor (rhGM-CSF) and rhIL-4 (Seikagaku Kogyou) according to the protocol described previously (Tsunetsugu-Yokota et al., 1995 ; Barratt-Boyes et al., 1996 ; O'Doherty et al., 1997) . PBMCs separated from whole blood by Percoll density centrifugation were suspended in RPMI 1640 medium with 10 % heat-inactivated foetal calf serum and plated on tissue culture dishes for 1 h. Medium containing non-adherent cells was removed and replaced with complete medium containing rhGM-CSF and rhIL-4. At 3-day intervals, the medium was replaced with fresh medium containing these cytokines. DCs were identified by expression of cell-surface molecules (CD1a + , Caltag ; CD14 − , Nichirei ; and CD3 − , Serotec) by flow cytometry (Becton Dickinson), and the DCs generated, containing about 98 % CD1a + cells, were used after 7 days of culture to assay virus replication. The viability and number of the cultured DCs were determined by examining for typical DC morphology in trypan blue-stained preparations.
Virus infection. PBMCs maintained in RPMI 1640 medium containing rhIL-2 for 7 days were used for the assay of virus replication. PBMCs were incubated with each virus at an m.o.i. of 0n01 for 90 min at 37 mC. After washing with RPMI 1640 medium, PBMCs were cultured in fresh medium. Macrophages cultured for 7 days were used to assay virus replication. 1i10% TCID &! of the virus stock was added to macrophage cultures and incubated for 90 min at 37 mC. Excess viruses were removed by washing three times with RPMI 1640 medium, and then macrophages were cultured in fresh medium. DCs generated by cytokines were collected at 7 days of culture. Cultured DCs were incubated with each virus at an m.o.i. of 0n01 for 90 min at 37 mC. After the incubation, DCs were washed three times with PBS and trypsinized for 10 min at 37 mC to remove residual virus from the cell surface. After washing at least three times with PBS, DCs were cultured alone or co-cultured with twice the number of autologous, uninfected PBMCs. The culture supernatants of PBMCs, macrophages and DCs were collected every 3 days and virus replication was monitored by reverse transcriptase (RT) activity as described previously (Chen et al., 1998 ; Willey et al., 1988) . These assays of virus replication were repeated at least three times.
Animals and virus inoculation.
Five sexually mature female cynomolgus macaques, each about 3 kg in weight, were used in this experiment. Throughout the experimental period, they were housed in accordance with regulations approved by the Institutional Animal Care and Use Committee of the Institute for Virus Research, Kyoto University. Three of five monkeys were inoculated intravaginally with a virus mixture containing 5 ng SIVmac239 and 5 ng SIVmac239\316E, as determined by SIV core antigen assay (Coulter Immunology). These amounts were equal to 2n2i10% TCID &! SIVmac239 and 4n3i10% TCID &! SIVmac239\316E, and were mixed just before the virus inoculation. In order to exclude excess virus infection by an overdose, the quantity of the virus mixture used in the inoculation was the minimal infectious dose for monkeys, since a virus mixture containing 0n5 ng of each virus strain could not infect three monkeys by intravaginal inoculation. The virus inoculation was performed intravaginally after the monkeys were anaesthetized by intramuscular injection of ketamine chloride, avoiding the menstruation period. Each virus stock was infused into the vaginal cavity of anaesthetized monkeys once and then again on the following day by using a paediatric feeding catheter (8 French, TORAY). To avoid overflow of the inoculum, monkeys were kept under anaesthesia for at least 10 min after intravaginal inoculation. Two of five monkeys were given single inoculations of one virus strain. These monkeys were inoculated intravaginally with either 5 ng SIVmac239 or 50 ng SIVmac239\316E, in a similar way.
Virus isolation. Blood and a vaginal wash were collected periodically from all monkeys. PBMCs were separated from heparinized blood by Percoll density centrifugation. Vaginal wash cells (VWCs), which were obtained from lavage of the vaginal cavity with sterilized PBS from a disposable syringe, were collected by centrifugation. At 7 days post-inoculation (p.i.), the inguinal lymph nodes were surgically removed from each monkey and the lymphoid cells (LCs) were isolated by gently forcing them from the lymph nodes. PBMCs, VWCs and LCs were co-cultured separately with M8166 cells in RPMI 1640 medium containing 10 % foetal calf serum and monitored for at least 1 month. Virus recovery was confirmed by the appearance of syncytium formation and RT activity in the culture supernatants.
PCR. Cellular DNA was extracted from PBMCs, VWCs and LCs of the inoculated monkeys, as described previously (Enose et al., 1997) . To detect proviral DNA in cellular DNA by nested PCR, 1 µg purified cellular DNA was added to a mixture containing 10 mM Tris-HCl (pH 8n3), 50 mM KCl, 2n5 mM MgCl # , 200 µM dNTPs, 0n2 µM of each primer and 2n5 units AmpliTaq DNA polymerase. Amplifications of DNA fragments (913 bp) covering the V1-V3 region of SIV env were performed for 30 cycles of denaturation at 94 mC for 45 s, annealing at 55 mC for 60 s and elongation at 72 mC for 90 s. The primers for the first amplification were SENV-1F (5h ATACTTGGGGAACAACTCAGTG-CCTACC) and SENV-8R (5h GTCTAATATGACATGGCACGTAA-TTCC), and for the second amplification were SENV-2F (5h AGGAT-GTATGGCAACTCTTTGAGACCTC) and SENV-7R (5h CACATGA-AGGTAACTTCCGGATCTCC). PCR products were purified with Geneclean II (Bio101), ligated into HincII sites of pUC18 and transformed into competent cells (E. coli DH5α, Gibco BRL). To differentiate the virus strains, clones carrying DNA fragments were examined by restriction fragment length polymorphism analysis, with or without MseI digestion. When clones containing the env V1-V3 region were treated with MseI, the SIVmac239\316E genotype was not digested because of the absence of an MseI cleavage site, but the SIVmac239 genotype was digested. After MseI digestion, the DNA samples were electrophoresed on 1n5% agarose gels and differentiated genotypically by the polymorphism of DNA fragment lengths.
Results

Replication of SIV in cultured PBMCs, macrophages and DCs
To compare the infectivity of two virus strains, SIVmac239 and SIVmac239\316E, in monkey cells in vitro, the ability of each virus strain to replicate in PBMCs, macrophages and DCs was examined. In cultured PBMCs, both SIVmac239 and SIVmac239\316E could replicate with almost the same efficiency (Fig. 1 a) . In contrast, SIVmac239 could not replicate in primary macrophage culture, whereas SIVmac239\316E could replicate well, confirming the expected feature of these T cell-tropic and dual-tropic virus strains (Fig. 1 b) .
To examine virus replication in DCs, each virus strain was inoculated to cultured DCs. However, neither virus strain could replicate productively in DC culture (Fig. 1 c) . To confirm virus entry into DCs, cellular DNA was extracted from DCs that had been incubated with each virus strain and trypsinized, and proviral DNA was detected by nested PCR to amplify SIV env, as described previously (Enose et al., 1997) . As a result, proviral DNA was detected in DCs, suggesting virus entry into DCs (data not shown). As it was possible that DCs might harbour the viruses but that subsequent virus production might remain low, the ability of DCs to pass viruses to PBMCs was examined. When virus-infected DCs were co-cultured with uninfected PBMCs, a high yield of SIVmac239\316E could be obtained, whereas SIVmac239 could hardly be recovered (Fig. 1 d ) . This result showed that SIVmac239\316E could infect DCs but could not replicate productively and could be efficiently transferred to PBMCs. In other words, DCs support the efficient transmission of macrophage-tropic viruses to PBMCs.
Inoculation of macaques with a mixture of two virus strains
To examine whether SIVmac239\316E, which was efficiently transferred from DCs to PBMCs, could be transmitted through the vaginal route, three monkeys (MF111, MF112 and MF117) were inoculated intravaginally with a virus mixture containing SIVmac239 and SIVmac239\316E. Each strain contained in the virus mixture was adjusted to the same quantity of viral antigen, and the TCID &! of SIVmac239\316E was twice that of SIVmac239. As a result, three monkeys were infected systemically by inoculation with the virus mixture (Table 1) . At 7 days p.i., the inguinal lymph nodes were collected from each monkey. In two of the three monkeys (MF111 and MF112), viral DNA was detected in LCs obtained from the lymph nodes before the virus was detected in PBMCs and VWCs, but viral DNA was not detected in LCs of the other monkey (MF117). Detection of virus in LCs before PBMCs in these two monkeys supported the idea that the virus was disseminated systemically via local lymph nodes near the genital tract after passage through the vaginal mucosa. The first detection of viral DNA in VWCs after inoculation with virus was at 12 days p.i. in MF111 and MF112 and at 7 days p.i. in MF117. Although infectious viruses could be isolated from PBMCs and LCs of all the monkeys, virus was not successfully recovered from VWCs of any of the monkeys.
Identification of the intravaginally transmitted virus
To identify which virus strain was transmitted through the vaginal route, the viral DNA detected first in PBMCs, VWCs and LCs of three monkeys intravaginally inoculated with the virus mixture (MF111, MF112 and MF117) was analysed for the presence or absence of an MseI site (Table 2) .
In one of the intravaginally inoculated monkeys, MF111, 19 clones containing the SIV env V1-V3 region were prepared from PCR products amplified from LCs at 7 days p.i. As a result of MseI digestion of these clones, they were all identified as SIVmac239. When 11 and 24 clones were prepared from PBMCs and VWCs, respectively, at 12 days p.i., these were also all identified as SIVmac239. The SIVmac239\316E clone was not detected in any of the samples during the experimental period. Thus, it was considered that SIVmac239 was the virus first transmitted to the blood via the lymph nodes from vaginal mucosa and systemically infected in the circulation in MF111.
The virus obtained from the second monkey (MF112) was the same as the strain in MF111. In MF112, the viral DNA detected first after the inoculation was cloned : 17 clones were obtained from LCs at 7 days p.i., 21 clones were obtained from PBMCs at 12 days p.i., and 15 clones were obtained from VWCs at 12 days p.i. All the clones were identified as In MF117, all 19 clones prepared from PBMCs at 7 days p.i. were SIVmac239. Eighteen of 19 clones prepared from VWCs were SIVmac239 and the other one was SIVmac239\316E. SIVmac239\316E was detected in these cells at only one timepoint (7 days p.i.). Although SIVmac239\316E did not appear in PBMCs, it was considered that it might be harboured, and might replicate transiently, in the genital tract.
Single intravaginal inoculations of each virus strain
As SIVmac239\316E was not transmitted to LCs and PBMCs by mixed inoculation, a monkey was inoculated intravaginally with an increased amount of SIVmac239\316E alone to examine its transmissibility. Fifty ng SIVmac239\316E was inoculated to one macaque (MF115) (equal to 4n3i10& TCID &! ), ten times the amount used in the mixed inoculation. Five ng SIVmac239 was inoculated to another macaque (MF114) (equal to 2n2i10% TCID &! ), the same amount that was used in mixed inoculation. The two monkeys (MF114 and MF115) were infected systemically with the inoculated virus (Table 1) . Viral DNA was first detected in PBMCs and VWCs obtained from each monkey at 12 days p.i. Infectious virus was recovered from PBMCs in MF114, but not in MF115. No anti-SIV antibody was detected in the plasma of either of the monkeys during the experimental period.
These results showed that SIVmac239, but not SIVmac239\316E, could infect monkeys efficiently and systemically through the vaginal mucosa. When the viral DNA first detected in PBMCs and VWCs was analysed genotypically, all clones from the inoculated monkeys displayed the electrophoresis pattern specific for the virus clone inoculated. Moreover, in order to examine any genetic change in virus strains after the vaginal infection, the nucleotide sequences of the SIV env V1-V3 region of some clones obtained from each sample were analysed. No changes of nucleotide sequence were observed, regardless of whether the virus was transmitted intravaginally and regardless of the source or time of sample collection (data not shown). Thus, SIVmac239\316E was shown to have the capacity to be transmitted from the vaginal mucosa to lymph nodes and PBMCs when a higher level of virus inoculation was used, although its transmissibility is lower than that of SIVmac239.
Discussion
The purpose of this study was to clarify which virus phenotype is prerequisite for intravaginal transmission. In genital organs involved in sexual transmission of HIV, there is a large number of APCs such as macrophages and DCs, which have been reported to be the target cells of viruses transmitted through the vaginal mucosa (Spira et al., 1996) . Therefore, many researchers have examined the relation between virus infectivity to DCs and intravaginal transmission of the virus (Soto-Ramirez et al., 1996 ; Lu et al., 1996) . In this study, the virus populations transmitted through the vaginal mucosa were examined in monkeys that were inoculated intravaginally with virus mixtures containing a T cell-tropic virus and a dualtropic virus.
In three monkeys inoculated with the virus mixture, the genotypic analysis revealed that almost all the clones obtained from PBMCs, LCs and VWCs after the intravaginal inoculation were SIVmac239 and not SIVmac239\316E. SIVmac239\316E could replicate productively in vitro in both PBMCs and macrophages. Moreover, when infected DCs were co-cultured with uninfected PBMCs, a large amount of SIVmac239\316E was produced, although neither virus strain replicated significantly in DCs alone. In contrast, SIVmac239 could replicate well in PBMCs, but not in macrophages, and the virus was not rescued from inoculated DCs by co-culture with PBMCs. If the spread of virus within an individual after mucosal infection depends on macrophages and DCs, SIVmac239\316E should have infected monkeys more efficiently than SIVmac239 by intravaginal inoculation. However, contrary to this hypothesis, SIVmac239, rather than SIVmac239\316E, infected monkeys systemically by the vaginal route. This study showed that the replication capacity of a virus strain in vitro did not determine virus infectivity by intravaginal transmission in vivo.
What, then, is the mechanism that determines the efficiency of an intravaginal infection ? To initiate a systemic infection through intravaginal transmission, the virus must cross the vaginal mucosa and replicate in the genital tract or the lymph nodes. The virus mixture used in this study contained the same amount of each viral antigen, and the infectious dose of SIVmac239\316E, measured by using cynomolgus macaque PBMCs in vitro, was about twice that of SIVmac239. Nevertheless, SIVmac239 could infect female monkeys efficiently by intravaginal inoculation. The entry of HIV-1 into target cells is mediated by the interaction between the viral envelope glycoprotein and a cellular receptor complex consisting of CD4 and one or more members of the CC or CXC chemokine receptor families. Macrophage-tropic HIV-1 isolates are known to use CCR5, while T cell-tropic viruses use CXCR4 (Choe et al., 1996 ; Deng et al., 1996 ; Doranz et al., 1996 ; Dragic et al., 1996 ; Feng et al., 1996) . Unlike HIV-1, SIVmac uses CCR5 but not CXCR4, regardless of whether it is macrophage-tropic or T cell-tropic (Edinger et al., 1997 ; Kirchhoff et al., 1997 ; Chen et al., 1997) . Therefore, SIVmac239 could enter macrophages, though virus replication could not occur productively (Mori et al., 1993) . In our study, it was possible that not only SIVmac239\316E but also SIVmac239 could enter macrophages. Moreover, pathogenic, CXCR4utilizing SHIV variants were recently reported to cross the cervicovaginal mucosa (Harouse et al., 1998) . Thus, entry into target cells might not cause the observed difference in the abilities of these viruses to infect systemically by intravaginal transmission. It is necessary to determine which kind of receptors on the cell surface of mucosal tissue of monkeys are important for virus infection, although expression of both CCR5 and CXCR4 on human Langerhans cells was recently reported (Zaitseva et al., 1997) .
The dual-tropic virus SIVmac239\316E could not infect monkeys efficiently by the vaginal route in our study. However, one clone of SIVmac239\316E was found in VWCs obtained from one of three intravaginally inoculated monkeys. The detection of virus in VWCs indicated the ability of SIVmac239\316E to cross the vaginal mucosa and to replicate in the genital tract. Moreover, one monkey (MF115), intravaginally inoculated with SIVmac239\316E alone, was also infected systemically, although the inoculum dose in this single inoculation was greater than that in the mixed inoculation. This result supports the hypothesis that SIVmac239\316E has the ability to infect monkeys by intravaginal inoculation. However, the replication of SIVmac239\316E was transient, since no SIVmac239\316E was detected after it was detected in VWCs at 7 days p.i., and only the SIVmac239 clone could be detected in LCs, PBMCs and VWCs. This result suggested the possibility that virus selection might occur mainly at the genital tract or the lymphoid nodes. Recently, Miller et al. (1998) examined the efficiency of vaginal transmission by detecting infectious virus and viral DNA after a single intravaginal inoculation with SIVmac or SHIV, and showed that the establishment of systemic infection by the vaginal route was predicted by the capacity for virus replication in vivo by intravenous inoculation, rather than by macrophage tropism in vitro. In our study, one monkey (MF114) was inoculated intravaginally with SIVmac239 and another (MF115) was inoculated intravaginally with SIVmac239\316E, and both virus genomes were found in PBMCs. However, infectious virus was recovered from PBMCs of the SIVmac239-infected monkey (MF114) but not from those of the SIVmac239\316Einfected monkey (MF115) during the experimental period. These results suggested that the establishment of systemic infection after vaginal transmission might depend on the replication capacity of the virus in vivo rather than on the cell tropism of the virus in vitro, although we did not determine the difference between the two viruses in replication capacity in vivo by intravenous inoculation.
Our study showed that a dual-tropic virus that transmits efficiently from DCs to PBMCs in vitro might not be a prerequisite for intravaginal infection. Primary HIV-1 isolates were found to pass through cultured epithelial cells from the apical side by transcytosis and to infect basolateral mononuclear cells without infecting epithelial cells (Bomsel, 1997) . Thus, the initial passage through the mucosal epithelia might not be a barrier to virus selection in intravaginal transmission, except for the physiological influences in the female genital tract. In any case, it is possible that the rapid activation of antiviral cytotoxic T lymphocytes in the vaginal epithelium of infected monkeys (Lohman et al., 1995) or the generation of βchemokines, such as RANTES, MIP-1α and MIP-1β (Lehner et al., 1996) , might affect mucosal transmission of SIV. It is hoped that a better understanding of the interaction between the infectivity of the virus and induction of the host reaction will aid the development of a vaccine against mucosal infection.
